
UNCLASSIFIED

AD NUMBER
AD342816

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to DoD and DoD
contractors only; Foreign Government
Information; 30 NOV 1983. Other requests
shall be referred to British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

AUTHORITY
DSTL, WO 189/380, 18 Nov 2008; DSTL, WO
189/380, 18 Nov 2008

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

AD NUMBER

AD342816

NEW LIMITATION CHANGE

TO
Distribution authorized to DoD and DoD
contractors only; Foreign Government
Information; 30 NOV 1983. Other requests
shall be referred to British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

FROM
Distribution authorized to DoD only;
Foreign Government Information; 01 JUN
1963. Other requests shall be referred to
British Embassy, 3100 Massachusetts
Avenue, NW, Washington, DC 20008.

AUTHORITY

British Embassy Notice dtd 30 Nov 1983

THIS PAGE IS UNCLASSIFIED



CONFIDENTIAL

AD

DEFENSE DOCUMENTATION CENTER

SCIENTIFIC AND TECHNICAL INFORMATION
CAINEON SIATION,, ALEXANDRIA,. VIRGINIA

CONFIDENTIAL



NOTICE: iben goverment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
govern nt procurenent operation, the U. S.
Governuent thereby incurs no responsibility, nor any
obligation hatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
suplied. the said drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to umnufacture, use or sell any
patented. invention that my In any vay be related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION

AFFECTING THE NATIONAL DEFENSE OF

THE UNITED STATES WITHIN THE MEAN-

ING OF THE ESPIONAGE LAWS, TITLE 18,

U.S.C., SECTIONS 793 and 794. THE

TRANSMISSION OR THE REVELATION OF

ITS CONTENTS IN ANY MANNER TO AN

UNAUTHORIZED PERSON IS PROHIBITED

BY LAW.



CONFIDENTIAL

P.r. P. 860

tiK )POIITON TECIINICAL PAPERl No.'80

liIGAND pERSONjAUIy AS D)ETERMINANTS OFc~EXERCISE HypERVENTpf
0  FcJOSFECJG

TESrIG' OFPHYSCA INCAPACITATlIN INMA. l
~fl4 F R~.q~ N IS DISCLOSED FOR OFFICIAL USI ~T CIPj~k~ O 'ERN'MENT. DISCLOSURE TO ANY

T~IE \E.R~ OR REIFI SE TO ,HE PRESS -OR INANY 0" WAY' 'r:,1LU 8Z A BRACH OF THIS
2 T 1,J; OR-MA IO\ SHOULD BE SAFEGUARDED UNDER
RU 0 D5 iTO Gl THE1 SAME STANDARD Of
SS:-URfAS -r M~ _ANE') BY HER MAJESTY'S

3THE INFORMA':Ct,! 1CONTAIN'ED IN THIS DOCUMENT
SHOW NOTBE C7:,"CUW 'ATED OUTSIDE GOVE.NMENTDEPARTiHEIS WT-lOUT TrHE PRIOR PERMISSION OF TH By'

MINISTRY OF AV!ATO!'..
4THE RECIPIENT IS W1ARNED. THAT INFORMAT-,ON

M~p aud A1.1 SIIEPRAJD,

CHEMICAL DEIrENCF iPgII'PIAL ' 1AJIIMNI
Portoi Dowj1, Salii'siry, will..

DDC

CONFIDE"UqL



CONFIDENTIAL
THIS DOCUMENT I8 THI PROPERTY OF HR
BIfTAMIC MAJUST0 8,00VMNT. and
i issued for the information of such
persons only as need to know its on*
tonts In.the course of their official

duties

Any person finding this document will

hand It to a military Office or Police

Station for its safe return to -

THE UNDER SECRETARY OF STATE,

THE WAR OFFICE,

LONDON, S.W.).-
with particulars of how and'where found.

THE UNAUTHORIZED RET TION OR DESTRUC-
TION OF THE DOCUMENT IS AN OFFMNCE
THE OFFICIAL SECRETS ACTS OF 1011-1an.



CONFIDENTIAL I

!L 
'  

..,- OJ

- ,OR-O" TECHNICAL PAPER NO. 860

t o DATE: ist June, 1963.

TRAINING A1ND PERSONALITY AS DMERIaNANTS OF EXERCISE
HYPERVENTILATION -.PACTORS AFFECTING THE TESTING OF

PHYSICAL INCAPACITATION IN MAN

By

K.H. Kemp and RJ. Shephard

SUMMARY

I * Ventilatory and cardiac responses to the riding of an electrically braced

bicycle ergometer have been investigated in young mele subjects during a variety

of short intensive training regimes involving both maximal and sub-maximal work.

In most experiments rides were repeated thrice daily, for one or two weeks.

2. With "maximal effort" rides of 5 min duration, there was an increase in

the rate of working over the training period (greater with I ride per day than

with three rides per day), and this increase was sufficient to mask any improve-

ment of cardiorespiratory performance.

4 3. With longer periods (15 or 30 min) of heavy but sub-maximal work, there

was a progressive reduction of both the ventilatory and the cardiac response

to exercise, and calculations suggested that the efficiency of external work

was also increased. The magnitude of these changes could be related to initial

"fitness".

4. Changes in respiratory quotient with repetition of the sub-maximal rides

suggest that with habituation, there was less hyperventilation. Both at rest

and during exercise, the cardiorespiratory performance could be related to

personality type, as assessed by the Maudsley Personality Inventory.
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5. Excessive ventilatory vtork can itself limit perforance, and for this
reason personality and the psychological approach to successive w~ork periods

can influence both initial wofking capacity and also the response to a training

regime'.

6. The application of these findings to the testing of physical incapacitation

is discussed.

7.An Appendix gives details of the ergomueter-used in these tests.

(Sgd.) C. Lovatt Avans, b

Head, Physiology Section.

(Sgd.) W.S.S. Ladefl,0
Assistant Direetor(Meiioal).
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DATE: 1st June, 1963

TRAINING AND PERSONALITY AS DETERMINANTS OF EXERCISE

HYPERVENTILAT!ON - FACTORS AFFECTING TI TESTING OF

PHYSICAL INCAPACITATION IN MAN

By

K.H. Kemp and R.J. Shephard

INTRODUCTION

The e stablishment of a reliable procedure for the evaluation of human

working capacity is a necessary corollery of our current interest in physical

incapacitating agents. The present paper considers factors affeoting the

perf ormane of one laboratory test of physical capacity, the riding of a

bicycle ergometer. This test was selected in preference to other procedures

such as the treadmill and the step test for two main reasons:-

(i) there is less scope for variation in techniques of working,

(2) the rate of working is more readily measured and standardized.

Changes in the ventilatory and cardiac responses to exercise with

repetition of the test are described, the influence of type of

training schedule, initial "fitness" and personality of the subject on the

results is examined, and a procedure for the testing of physical incapacitation

is suggested.

METHOD

i. Design of theeaerient

Seventy three young men were studied at rest and during and after the

riding of an electrically braked bicycle ergometer. The training schedules

were as follows:-

(a) 6 men - 5 min "maximal" effort once daily for 5 days.

CONFIDNETIAL1.
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(b) 10 men - 5 Din "maximal" effort thrice daily for 5 days.

(c) 31 men - 15 Din constant effort (125 watts, 746 kgp/min)
thrice daily for 5 days.

(a) 14 men 15 min constant effort (125 watts, 746 kg.gm/n)
thrice daily for 10 days*

(e) 10 men - 30 min constant effort (125 watts, 746 kg.r/nin)
thrice daily for 5 days.

(f) 2 men- 30 min constant effort (105 watts, 626 kg.r/min)
thrice daily for 5 days.

Measurements were made for 15 Din before, during, and for 15 min after the

first run of each day of .respiratory minute volume, output of mechanical

work, cardiac rate, and, in group (d) only, of rectal temperature, ovgen

consumption, and carbon dioxide output. The later runs each day were for

"training" purposes and the only observations made were of the output of

mechanical work. In afl subjects, an objective numerical Assessment Of

"personality" type was made by Maudslg personality inventory(i ).

2. Experimental procedure

Subjects The 73 subjects ranged in age from 18-40 yr. On arrival

at the laboratory, details of the tests were explained in simple terms,

physical characteristics were measured, and the initial state of "training"

and experience of bicycle riding assessed.

"Training" wws rated on a four point scale:-

Grade

Subject taking no regular exercise 4

Subject regularly playing one active sport 3

Subject regularly playing one active sport
with specific training session 2

Subject regularly playing more than one active
sport with specific training sessions I

All of the subjects had ridden a bicycle previously' 14 having been club

or long (>60 miles) distance cyclists six months or more prior to the tests.

However, at the time of testing, only 10/73 were bicycling regularly, and

2 periods of 5 days, with weekend break of 2 days'.

CONFIDENTIAL
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seven of these 10 were only bicycling short distances ( - 5 miles/day).

The Maudsley personality inventory was completed during the morning

of the second day, and subjects were allocated to 5 arbitrary "persOnality"

groups on the basis of their "N" and "E01 scores, as follows*:-

"01' score score

"Normal" personality (n) < 28 <34
"Anxious" personality (a) > 28 < 20

"Hysterical" personality (h) > 28 21-27

"Psychopathic" personality (p) > 28 > 28
"Extravert" personality (e) < 28 >35

Ergometer test conditions. Experiments were conducted in a quiet draught

free room. Ambient temperatures were constant to within + 10 for a series

of tests on any one subject, but the mean temperatures ranged more widely from

140 to 200 for different subjects. Clothing was serge (battledress) trousers

and flannel shirt for the "maximal" effort experiments, and shorts and running

vest for the constant effort tests. The first run of each day was made in the

morning, one hour after breakfast. Subjects remained seated on the bicycle

(saddle height adjusted to optimum), and gripped the handlebars throughout

the tests.

Ergmeter.* Details of the bicycle ergometer are given in the Appendix to this

report. The "load" was provided by a shunt-wound oar dynamo and an adjustable
external electrical resistance. A pedal speed of 45 r.p.m. consumed 154 watts

and corresponded to a road speed of about 10 m.p.h. on a normal 26 in. wheel

bicycle. Work output was indicated by a low inertia motor counting unit, and

a simple calibration curve enabled this to be converted to standard electrical

units (watts). Counter readings were recorded at I min intervals during the

period of work.

* No clinical significance is attached to these categories of personality.
From the clinical standpoint, all of the individuals tested would be
considered "within normal limits".

CONFIDETIAL
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Respiratory and cardiac measurements

Subjects used a standard box valve and mouthpiece, and expired gas was

passed to a dry gasmeter (resistance <32 mm H20 with flow having respiratory

waveform andpeak of 250 1./rain) for the measurement of respiratory minute volumes.

Readings were taken at I rain intervals for 15 rain before, during, and for 15 rain

after a ride. "Resting" ventilation was determined as the average value for

the 6th - 15th min on the bicycle; the extra ventilation during work and

recovery was calculated to give (i) total extra ventilation (exercise and recovery)

for a given rate of external work (EoV., l./min/watt, and (ii) average extra

ventilation during 15 min recovery period (E.V. rec., l./min). Ventilatory volumes

have been expressed for simplicity at ambient temperature and pressure, saturated

with water vapour (ATPS). At the room temperatures prevailing in these experiments,

volumes at body temperature and pressure, saturated with Water vapour (BTPS) would

be 11-126 larger. The expired air was collected in a Douglas bag during the

final minute of exercise, and samples analysed (for oxygen and carbon dioxide

concentration) on a Seholander apparatus, so that the oxygen consumption and C02

output could be calculated.

Heart rates were measured from a standard electrocardiogram (lead i) taken

during the last minute of the initial rest period, and at 0, i, 2, 3, 4, 5 and 15 rain

after exercize. Individual tracings were measured over two complete respiratory

cycles to avoid problems from sinus arrhythmia. The six readings obtained 0 - 5 rain

after exercise were summed to give an overall index of performance in the early post-

exercise period; this is described hereafter as the "pulse total".

Rectal temperatures were measured immediately before the test, at the end of the

rest period, immediately after exercise, and 15 rain after exercise.

MRSULTS
I. Changes in ventilatory and cardiac res onses to exercise over a 10 day

"training" period.

The mean and S.E. of observations on I. subjects exercising thrice daily for

15 rain at a constant rate of 125 watts (7)+6 kg.m/min) are detailed in Table i.
Almost all of the 17 parameters showed some change with repetition of the test, but

in most instances the effect was greater in the first week, and even (where this was

reoorded) in the first four runs (Day I to Day 2).

CCIMFDETIAL
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The respiratory minute volume during the initial "rest" period on the

bicycle was high on Days I and 2, decreased markedly from Day 2 to Day 3, and

thereafter showed a slow fall into the second week of the training period. The

resting pulse rate was slower on Day 2 than on Day 1, but otherwise showed no

consistent change over the two week period. The respiratory quotient and

ventilatory equivalent for the 15th minute of exercise, and the rectal temperature

rise found both immediately and 15 minutes after exercise all showed a decrease in

the mean value from Day i to Day 5, with a suggestion of further small changes in

the following week; only the changes from Day I to Day 8 or Day 9 were statistically

significant. Most of the remaining ventilatory and cardiac parameters showed a

marked change from Day I to Day 2, an optimum performance on Day 3, 4 or 5, some

loss of "training" over the weekend, and little improvement of performance during

the second week. The saddle height and general posture of the subjects was

carefully controlled, and no alteration of riding technique was noted during the

second week. Subjective complaints such as aching or tiredness of the limbs were

not reported after the second or third day of the first week, and it is therefore

difficult to attribute the absence of any physiological indication of "training"

over the period Day 6 - Day 10 to any physical deterioration in the subjects; in

any event, the total amount of exercise per day would seem insufficient to produce

such an effect. However, the psychological attitude to the tests undoubtedly
changed over the i0 days. Initially, the subjects were a little apprehensive

about the various procedures; over the next few days, they became first more

confident, and later somewhat bored by the routine of riding.

The fall of respiratory quotient with "training" suggests that the ventilatory

response to exercise was excessive on Day i. However, there was no clear evidence

that this excessive ventilation was due primarily to changes in the first minute of

exercise as others (2, 3) have suggested (See Fig.). The decrease of exercise

ventilation with "training" was brought about entirely by a decrease of respiratory

rate in week 1, with no change of tidal volume. "Training" also produced a

decrease in the "oxgen debt", as evidenced by the fall in ventilation for the

period 0-15 min after exercise; again the change was largest from Day i to Day 2,

with a minimum on Day 4 (10th ride).

CONFIDENTIAL
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2. Type of "training" re ime in relation to cha s of performance

(a) "Maximal" effort.

Six subjects carried out one 5 rain "maximal" effort ride per day, and in all

six the average rate of working for the 5 min period increased. slightly over the

course of the week (Table *)); in 5 subjects, the improvement was zore than 5 watts

but at an increased ventilatory cost (E.V., l./miriwatt). In the sixth subject,

performance waz less consistent, and the increase on the final day was marginal

(i.9 watts); he showed a small decrease in the ventilatory cost of this work

(-0.11 1./nd/ watt).

Ten subjects carried out three 5 min "maximal" efforts per day. In none

of these ten was the improvement in work output over the course of the week

greater than the best results obtained with one ride per day; the average increase

of performance for the second group was smaller then for the first, the effort of

3/10 subjects actually deteriorating over the course of the week. As in the

previous group, in all subjects except one where vork output increased, there was.

a disproportionate increase in the ventilatory cost of this effort. The respiratory

minute volume during these tests was 60-80 1./min ATPS, compared with 30-55 l./min

ATPS in the sub-maximal tests, and the average ventilatory cost for the group (0.63

l./mi/watt at work rate of 150,3 watts), as expected (4, 5, 6) is in striking

contrast with the figure for submaximal work (Table 2(b), 0.34 l./min/watt at work

rate of 125 watts).

The heart rate in recovery showed an increase with rate of working in 3/4

subjects over the week of "training"; in the fourth, it was identical with the

value for the first day despite an increase in the rate of working.

The last two subjects (marked by"asterisk) showed a ocnsiderable increase in

work output over the week, despite regular "training' for other competitive sports

(Table 2(a), (ii)).

(b) Constant ef of J atts.

In 36145 subjects given 15 ain runs, there was a reduction in total ventilation

per watt, and in 39 a reduction in extra ventilation during the recovery period

over the course of the week (Table 2(b), (i)); both changes were highly significant

COTIDETIAL
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(P 0* 001) In most subjects, the major change occurred from Da4y '1 to Dlay .24

but the diff'erence between readings on'Day I andDay 5 "has been taken tas a imeasure

of the total "training" achieved.,

The recovery pulse rate also decreased considerabJlyfrom Dlay 4 -to Day 2,

there were smaller decreases on ,Days 3 and 4, and an :increase on ,Day.5 in 33/45
subjects. The decrease of 'pulse rate from Day I -to "Day 4 'has thus 'been -taken

as a second measure of the total l"training"; ,42/4 5 suibjects showed a (decras8e

from Day 'I to Day 4, and the change for -the group ;as a -WhoI'e -was hi.ghy a Ignif icant

(p 0.01). Theinreae foi± Dy 4 -to Day 5 was probably an (end-effect zimilar

-to -that seen on the -final! day of sequential ,psqychomrotor 'test's.

Ten subjects rode the bicycdle for 30 min at e'ach -test.. .As 'with the 1!5 miii-

rides, extra ventilation decreased sharplyovrteis 2(dsad hnme

graduall~y (Table 2(b), (ii), ',reaching ",the l1owest va6lue (of -the verles (on.*Day 5..
Rec overy pulse :rate-s decreased -from .Day 11 to Day 4k, with a =ma1l :1vrease ,on -Raw 5,
The amount of "1training",, as iindicated'by -these (okanges,, 'did ;not dRiffer ignificantly

from that seen in 'the '15 nin zroip, land -there .1s -thus )no (evidence -that -the 30 mln

rides were more effective i-n WItralinlng"I -the zstbj.eot's,

(o) 'Constant effort of it05'wtt,.

The 'imediatepote rcs pulse :rate in 'the ,two :suibJe'&ts terzted 'was I4iu

and '109/mu re-spectv6 y onDay 'i,. 'Karvrorren, 'Kenftlal 'andi1ustala, (7)) Jhave

maintained -that a,,pus-e rate of '25/mun As nez"sax,7 to -produce any "Itrainlryd" 'effect.

However, 'both of-the ,pre-s'ent 'subjects ,ihowed -improvements -in -the wventifl.'toxry 'and

:cardiac cost of exerci'se over 'the 'oiurse .of the ,wedk, ,and -the dh'mges obsrervred

were at the 'lower end 'of the grazge observed \with 30 Im'in =rdes ~Ai -25 WSIfs

3, Influence of initial "f,,itness"

(a) Zffeet on initial performanc-e. ;Da~y I

The -initial resting ,pulse Xrate -,(Table 3') decreased progresairvely wifth ncrerase

of "fitness6" grade, the mean 'value being .91,.1/mn An stibjects :,playinig aro -regular

sport, and 71 .5/nun 'in -the -two sibtects, unidergoing -the rulost rig9orou's traininIg

(0.01> V> 0.O1i). Th'e "high" resting -vdlues 'In untreineda zubjects are In agreement

with recent observations 'byReibourn (8). 'The :retting Ttrespizatory minute 'volumre

showed no significant differences with re'specot to inift-al 'fteu,-

XONFI DENIA
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Data for 159 ,subjects on "I.fitness" and the total output of mechanical

work. nn 5 m ma~.aasl effoit tsts showed that wok ouput increased

S ignif Icoantly -with inm.itia.1 "1fi tnes.s" (P for difference grade Ii to grade 1 -2
==04(2), 'but as already noted the -increase in work output was achieved at

a {daproporti'onats -venti:Uatory cost; there -was thus no clear relationshi~p

between IfTitnessr and ventilatilon 1./min/watt in Ojnimal" effort tests.

in- -tests -where a 'constant rate of -working was naintained, the grade -of

'"fitness"l was 'closelIy related to both the -ventilatory cost of the vork

((lM~wtt)andthe cardiac response '(,pulse total '0-5 mnin after exercise and

pu7lse :rate -15 mm after exercluse); for all three parameters -the differaenc
between the ,group of fitness grade 24 anda the group of fitness grade 2 'was

bi*2Uy significant (iP <10C).

(b) Wffecton an o "t2I~ aeved

The detailed (course of -ventilation Jin 11l Subjects -ith no previous
'Otralmng, and playing mo regular .port, Is illustrated duri-ng exercise

(coinstant efffort 125 -atits) and recovery on D~ay 1, and 3)V 5 (M'g. 1(a))).

(On May 3, the respllrstor cinute -volume -was larger than on Day I 'durizg -the

1!!rTt few a mutes of exerci3 s, but a plateau of -ventilation 'was reached earlier

iad' at -a lower !Level them on DzW -1. At all stages durinig recovery, ventilation

'was less (on May 5 tham fon Day I11 2he c= asponding -ventilation curves for a

tgrous of 9subtacts mndergolmg ragular ltralml**g :for other sports (Pitness

igrae , (or 2) were* in some respects veI7y aimiLar (MFg.-I (b)); howeverS if

'calc(ulated in tbems of extra-ventilation, the effect of Otrslning -was small er

In the '"trained" than In -the"itrained" men. The difference between "traiied'"
land "'untrained' subtects was more obvious *hen pulse rates for the 1 5 min

-following exercise wre compared (75Fig.2)); throughout the peri'od of observation,
the plse rate was slower in the 4traraod" group than in the *=utrained", and

the i~provement of pulae rate from IDq i to Day 4 'was also aaller in the "trainbed'
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Further data on the amount of tttrainingIachieved in relation to fitness

grade is summarized in Table 4. Improvements in total work output (maxcimal

effort tests), totalextra ventilation ,(I./m iwatt, ,constant effort tests,) and

extra ventilation during the first 1.5 min of recovery (l.min .ATPS,, :constant :,effort
tests) were unrelated to fitness grade. On +the other hand, the 'decrease An _pulse
totals for the first 5 min of recovery., and to alesser extent -the decrease In

pulse rate 15 min after exercis-e, did vary \with fitness 'grade,. -the lar~gest

improvement from Day I to Day 14.being seen,-in subjects 'iiho -were initially 1"unfit",.

(c) Influence 'of prevzous zycling ,experience

Nine subject,initi'aULy '"unfit",, bad been long distance cy'clIsts '(> '60 milles/

day) six months or more -pri-or to the testa. '.The Improvemenit (of -pulse -rate from
Day 1 to Day 4, -in this group dId inot '63fer ;signiftcantI~y fr-om -that ffound iwn 1~14
subjects, inital 161 il 'uft, , but with 'n prvw~r ~ ence (of MLong

distance cycling.

Previous (erperlence (of lie ,prevlous earperlenae

'long (distance 'cycling (of long (distance cqycling

A Plse total-5n
reovry Dy . Day 24 -493 1.+7 -4l09 ±i 13

(constant effort,.-
-125 matts).((9)

A Pulse 15 'min after

e= rie 'Day 1-*Day )4 -0(6.2A 3.6 -42.j'6:1 3.3
(osant effort,

1'25 watts').

T!en sub jects -were riding short 'distances zat -the 'time (of the "tests, but cagaim

this was without influence on the ipprovement Un ,pulse rate rom May I Ito -Day 41.

4.The influence of -Prsonality

.Although the resting -ventilation on ay 'I tended to -be less In, the '";anzouiff
,subjects, and ,greater In the "hysterical'" szubjects %han -In those alassed s' 9 oma"
-these Aifferences mere not statisticllay 'signilficant (Teble !5)),. AW~ Alfflerence

(CONFIDENTIAL
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between the *anxious" and the "hysterical" subjects on Day I seemed related

largely to a difference in adjustment' of the ihdividual to the experimental

apparatus; tbe ratio resting ventilation 0 - 5 min/resting ventilation
6 - 5 min was 1.163 ± 0.027 for the *anxious" subjects, but only 1.071 ± 0.021

for the ",hysterical" subjects (A = 0.091 + 0.034, 0.02> P > 0,01).

;The resting pulse rate was also high on Day I in the "hysterical" subjects

(significance of difference from "normal" group 0.1 > P> 0.05), but was normal in

the "anxious", "psychopathic", and extravert subjects; this difference was

largely abolished from Day I to Day 4., 5/7 "hysterical" subjects but only 3/10

"anxious" subjects showing a decrease of resting pulse rate over this period.

,(b) Effect on performance for Day 1. and on amount of "training" achieved

In the "maxinal effort" experiments, the average performance on Day I bore

little relation to personality type (Table 6). However, the subjects with the

normal personality showed the greatest inprovement in performance from Day I

to Day 5, the difference from "bysterisal" subjects (A 5.30 ± 2.62 watts,

P ?, 0.05) ;and from "psychopathic" subjects (A4.40 ;t 2.08 watts, 0.05 >P >0.02)

being particularly marked.

In the experinents with a constant work rate of 125 watts, the response

of "normal' subject's to training was a decrease in the ventilatory cost of this

effort, whether measured as total extra ventilation (L./nin/watt)or extra
ventilation during the first 15 mi after exercise (Table 6). In subjects with

an "anxious" personality type the cost of work on Day i tended to be smaller than

normal, and the decrease of cost from Day i to Day 5 was correspondingly less.

In the *Ihyaterica" subjects, on the other hand extra ventilation during ihe

xecovery period tended to be large on Day 1, end there was a large average

inrovement from Day I to Day 5; some subjects in this group had not regained

he initial resting level of ventilation even 15 nin after the end of exercise.

Pulse rates also tended to be higher than nornal in the "hysterical" group

of subjects, but differences were less narked than for ventilation.

Altbough there were differences of "fitness' (on the arbitrary scale)

between the five personality groups (Table 7), it was not possible to attribute

the effects described above to differences of "initial fitness"; on the contrary

some of the lowest ventilation- rates in "anxious" subjects were seen in subjects
who were not teking part in azu athletic sports, and the kyaterical subject with

the largest ventilation played football regularly, with two training sessions each
wk.

COMBIDUTIAL
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DISCUSSION

it Changes in Performance with "training"

With many forms of standard exercise such as treadmill walking (9, 10)

and the Harvard pack test (1), a part of the improvement in performance

when the task is repeated at short intervals can be attributed to "learning"

(Oxford English Dictionary "Knowledge got by study"), the subjects discovering

methods of reducing the mechanical work necessary to carry out the task.

The possibility of such "learning" is small on the bicycle ergometer if saddle

height and the position of the subject's feet on the pedals are controlled.

Any improvement of maximal performance, or bettering of physiological state

at a constant level of performance must thus indicate either "training"

(O.E.D. "bringing athlete to physical efficiency") or "habituation" (O.E.D.

"becoming accustomed to"), The improvement of physical efficiency seen with

"training" may in turn reflect better adjustment of the respiratory and

circulatory systems to the metabolic requirements of exercise, or an increase

in the mechanical efficiency of the leg- muscles so that the same amount of

work is performed at a lower metabolic cost. "Habituation" 'may lead to

greater physical efficiency if subjects show an initial tendency to hyper-

ventilation and tachycardia; both the comments of the subjects and the change

in respiratory quotient with repetition of the tests suggest that "habituation"

played some part in the improvements of performance found in the present

experiments.

On general grounds, one might anticipate that changes in performance with 4

"habituation" would be related fairly closely to personality. "Training"

should be less influenced by subjective factors, providing that personality is

adequate to carry out the required course of vigorous exercise.

2. Physiological Indices of Training

(a) "Maximal effort" tests

"Maximal effort" tests are commonly criticised on the grounds of (i)

difficulty in assessing motivation, and (ii) their short duration, with consequent

failure to achieve a steady state. The present experiments show that difficulty

is also created by a steep increase in the ventilatory cost of the final 20 watts

of external work; at a rate of 125 watts, extra ventilation is no more than

CONFIDENTIAL
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0.2 - 03 1./min/watt, but it increases to 0.5 - 0.8 l./mi/watt in "maximal

effort" tests (140 - 160 watts). Thus a decrease in the ventilatory cost of

a given effort during "training" may be obscured by a small increase in the

amount of external work performed, and conversely a decrease of working capacity

may in fact be masked by a large fall in the ventilatory cost of exercise.

The commonly adopted indices such as exercise pulse rate and ventilation cannot

be used, and the only valid measures of changes in performance with trai.sing or

incapacitation are the output of work achieved, and the pbysiological state prior

to exercise.

The fact that with repetition of the. test, ventilatory and cardiac efforts

were often increased to achieve a greater work output suggests that "habituation"

to the unpleasant sensations of "maximal" work played a large part in the improvement

of performance. Subjectively, 9/16 men thought the rides easier with repetition,

and only 2/i 6 found then harder. Limitation of performance by unpleasant

sensations would explain why the greatest improvement over the week of "training"

was seen in subjects with a "normal" type of personality, and why some subjects

actually showed a deterioration in "maximal" work output. "Maximal effort" tests

seem critically dependent on the full co-operation of the subject, and inevitably

measure not only the physiological, but also the psychological factors restricting

performance in a given experimental situation.

(b) Constant effort tests

The majority of the physiological parameters showed some change over the

period of study, usually in the direction of an improvement of physical state.

A greater efficiency of ventilatory exchange was shovn by a 0I reduction

in the ventilatory equivalent for oxygen. This improvement did not completely

parallel the slowing of respiratory rate, and a better adjustment of ventilatioV

perfusion ratios in the lungs must also have contributed to this change.

CONFIDENTIAL
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The efficiency of the leg muscles was also apparently increased.

Taking figures for Day I and Day 5 from Table I, a metabolic balance sheet

would read as follows:-

Total oxygen consumption (l/min) 2,29 2.09

W resting oxygen cons.(l./min) 0.3 0.3

oxygen cost of ventilation
(1./rain at I ml./1) 0.039 0.038

Oxygen cost of leg work (1./min) 1.95 1.75

Respiratory Quotient 1.00 -0.95

Calorific equivalent of oxygen (Cal,/min) 5.05 4698

Metabolic work (Cal./min) 9.85 8.71

Ergometer work (Cal./min) 14785 1.785

Efficiency of ergometer work 18.I% 20.5

It has been assumed in calculating this simple balance sheet that during

the ergometer test, added oxygen consumption arises from two sources:-

the internal and external work of ventilation, and the effort of the leg muscles.

The efficiency quoted is thus an overall value for the body considered as a working

machine, and includes postural components from muscles not immediately concerned

with movement of the bicycle pedals. The change in efficiency from Day I to Day 5

represent either improved postural adjustment ("learning") or a true increase in

efficiency of individual leg muscles ("training").

Changes of heart rate were in general larger and more consistent than the

ventilatory changes, probably because more factors combined to reduce heart rate

with repetition of the tests. The metabolic requirements of both "leg" and

respiratory muscles were reduced, and there was a corresponding reduction of

metabolic heat production; finally, the efficiency of the cardiovascular system

(perfusion equivalent for oxygen) may also have improved. Because it integrates

a wide variety of adjustments, the pulse rate is probably a better indicator

of physical state than measurements of ventilation; this conclusion is borne out

by observations of the effect of initial "fitness" on both performance on Da I,

and on the improvement in performance from Day I to Day 4.

CONFIDENflL

13.



COTFIDENTIAL

As in the "maximal" exercise tests, many of the adjustments during the

"training" period seem due to "habutuation". A relative hyperventilation

occurred on Day i, as shown by the high respiratory quotient on this day; the

decrease of respiratory quotient from Day I to Day 8 or 9 (7 and 6 respectively)

corresponded approximately with the decrease of respiratory minute volume

observed during constant sub-maximal exereLge, and this change can thus be

attributed entirely to "habituation". Any "learning" effects would presumably

be greatest while exercise was being performed, and since changes during exercise

can be accounted for by "habituation", "learning" can have little influence on the

results obtained; this finding was anticipated from the rigid control of the

pattern of working. During the period of recovery from exercise, changes were

in general larger than the 6 - 7 predicted for "habituation" (extra ventilation

for 15 min following exercise 19 &n Day 8, and 35, on Day 9; pulse total 0 - 5

min after exercise 10% on Day 8 and 12 on Day 9; pulse rate 15 min after exercise

7% on Day 8, and 9 on Day 9). - Learning is unlikely to be apparent only after

exercise, and the improvement in recovery rate shown by these figures seems in

part a manifestation of true "training".

3 . O t m m r g m o r i m

Previous workers have shown that performance of a specific task can be

improved to some extent by general exercise such as marching (12), or the playing

of lacrosse (13). The present experiments support this conclusion. If the best

index of "training" (pulse total 0 -5 mii. after exercise) is taken, subjects in

regular training for other sports show a lower total on Day I, and a smaller.

improvement from Day I to Day 4 (presumably because there is less scope for

improvement of bodily efficiency); the change from Day i to Day 1 in subjects

classed initially as fitness grades I and 2 is indeed no more than the 6%

habituation effect described above.

If reliance is placed upon general measures of Otraining", these must be

pursued vigorously; it is not unknown for performance to decline during the

period of observation (1, 14). When the subject is trained for the specific

form of exercise on which perfrmance is to be ssessed the optimum duration and

rate of activity probably varies with the cardio-respiratory load imposed by the

task. Karvonen et al. (7) exercised men on a treadmill for 30 min periods

4 -.5 times per week, and they found that an exercise pulse rate of 135min was

CMIDTIAL
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necessary to improve performanoe. Fletcher (15) also believed a pulse rate

of this order was needed for improved performance of a stop test. On the

other hand, Durnin et al. (12) found some training was occurring in men

walking 20 kn/day, and in their experiments the pulse rate was no more than

120/min. In most of the present experiments, the pulse rate at the end of

exercise was in excess of 135/min, but in one of the two experiments at an

output of 105 watts, some improvement of performance was seen despite a pulse

rate of only 109/min at the end of the exercise.

With "maximal" effort rides, the improvement of performance was not

hastened by changing from one to three rides per day; the most co-operative

subjects of each group achieved the highest performance on Day 4 or Day 5.

With the constant effort rides, the main improvement in pulse total occurred

from Day 1 to Day 3, and this improvement was actually less for subjects performing

30 min rides than for subjects riding for 15 min periods. The deterioration of

performance during the second week may reflect "negative habituation", as the

subjects became bored with the task. It is unlikely that a true loss of physical

efficiency due to excessive exercise would first appear after the weekend break,

as few. of the subjects spent their free period in energetic pursuits.

4. The influence of personality

No relationship could be demonstrated between personality and extra-ventilation

or pulse rate in the "maximal effort" experiments. This may be due partly to the

alinear relationship between work output and cardio-respiratory load. "Normal"

subjects achieved a higher rate of working than other personality types, and this

would tend to obscure the relationship between hyperventilation and personality.

With the subjects performing longer periods of constant sub-maximal work,

some trend with personality was apparent, although with the number of subjects

seen it did not have great statistical significance. Both at rest and during

exercise, "hysterical" subjects showed a greater respiratory minute volume and

a faster pulse rate than normal, and habituated more rapidly with repetition of

the experiment; "anxious" subjects showed a smaller initial response than normal,

and habituated less rapidly with repetition of the tests. Such "habituation"

can occur in subjects already in "training", and in specific instances the change

of ventilation can equal or exceed that produced by training.

CONFIDENTIAL
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Personal variation is well recognised as one of the main factors limiting

further advance in the interpretation of respiratory and cardiac measurements

made on the individual (f7). The present method of classifying' personality

types is admittedly crude, but the results are of sufficient promise to suggest

that the sub-division of psychiatrically "normal" subjects according to personality

type may ultimately be a useful means of reducing personal variation in physiological

data. Further, excessive ventilatory work can itself linit performance, and for

this reason personality and the psychological approach to successive work periods

can be significant determinants both of initial working capacity and also of the

response to "training" regimes and to incapacitating agents.

5. The testing of physical incapacitation

From the military standpoint, physical incapacitation may show itself in

three ways. Firstly, the maximum capacity for a short period of work may be

significantly reduced. Secondly, work that is normally sub-maximal may be

performed with such a reduction in efficiency that it, too, exceeds the tolerance

limit when the effort is prolonged. Thirdly, sub-maximal work may be performed

at reduced efficiency, and while remaining within the capacity of the individual,

may give rise to general harassment.

The first type of incapacitation is readily measured by "maximal" effort

tests. Performance is not far from maximum on Day i, and a "plateau" of

performance against which the effect of an agent can be tested is obtained if the

rides are repeated only once a day for five days. Any change in the "maximal"

rate of working following administration of the incapacitating agent is due to

a combination of both physiological and psychological factors, but some assessment

of the importance of the latter can be obtained by comparing terminal pulse rates

on test and control days.

The end-point of "endurance" is one of the least satisfactory measures of

performance, and for this reason it is not usually practicable to measure the

second type of incapacitation directly; as with the third type, it is more

conveniently and accurately assessed in terms of a decrement :in physiological

efficiency. A wide variety of parameters, ventilatory and cardiac, must be

measured; although many of these reach a minimum in the first week, results

are more stable during the second week of testing, and this is thus the optimum

time to examine the effects of an incapacitating agent.
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APPENDIX to P.T.P. 860

The releatrically-braked. bic ole ergometer

'The ,apparatus is :illustrated (diagrammatically in'Fig.A.1 . A shunt-wound.

'oar dynamo was zprnn-2Loade. fonto the flywheel of a stand-ard. '23 In. fr-ame

'bicycle (ergometer. 'The internal -resistance (of the ;shunt windlings 'was relatively

'constant 'at 'a little 'over )4 r6h-ms The 'extermal l'oad. consisted of two oar head-

liht 12.,7W ad 6V 6W)mounte in 'serAie's. The power 'conrsumption of the

lIampgs varie'd. 'ome'wh'at -with fila-ment -temperatur~e, and to (overcome -this difficulty,

'si-jeots -were 'instructed. at -the Ibeginning (of ,a xide to bring 'the lamp's to above

-the 'brilliance m'aint-aine-EL Auring zste'ady 'qyclinrg. AlIl xe'sults were thus 6bta-ined
'wt he 'filmn' -r 'al coI ng.. 1A low Inferti'a motor anda 'counting nnit

"Was :mounted In 'ardllel -with the lI-ghts,, 'and 'after toa31bratiom -the 'counter reading

for 'a gilven .p'eri'od rc'oi~d b'e fc'onverted to ielectri'cal -wo'k. watts). S'ome incenmtive

,for 'the ,suibj'eatz was provirdred i~y the TarI'ativo-s 'in bri ll-ance 'of the Iaemps, i ut as

ran 'additona spur to ieffort,, 'a 'small 'eyele dynrmo -was 'coaplred to 'a vol1-tmeter (on

the (cdtrol pae,a ;a eries -The''stat va's zso &d~'wsted. that the 'speed 'of 'any

mib~j'e'ct -,was' pparmtly ,a liIttle un'd'er half (of imaximum 'for the mazhine.

'Cal3bmation *wa's (m=-rare'd co't by mrou'nting 'an 'ameter and. 'voltmetber in the
flyh'eel rdynamo =uit, "ising the faynamo 'a's ;a mnotor, 'and. onuin h eetricB!

vwor~k genemat'ed. ly the ,su~bjeot ,withbithe elertrIcal prower requIred to 'drive dymmmo,

Ibitycle 'ad fghts 'at -the 'same z'p e a. 'ThIs method 'of cali-lbration is ppe-n to

a~me zratlcism , snc the mmechanID'al effi1ciemey rof the Ibi'c'e may Ibe l1ezs when

zoperated mzaally, owing ito =n :imcrease fof Tiressure (on the :p'edal 'bearmgs.

iRowever, wihl .- gremsed lbsVl'-4bea g . imts, &any dlsorjpancy an iechacal

eft~icienvy ah-oul'be 'srnalll. 'The m~aimum (efficency of 'the iachIne vas q'ite low

((3 wih mo 'exte'rn'l loaa., 22% -with extermal Ira)., =ad 'an er lini waz set
'by ,sl-:pyg oo th plnsm -ey,. fZlppiug commenced. alt Q0" jpeal :r.p,'s.,

'c'crezsponalrrg -to 'a :rate or -worzking of a little 'over 2510 vat's ('-550 Y'g./Nin);

thIs givet "an aaequaite ;margin Tfor 'the teating 'of znrral :young wmen, who 'ara molt el's fto

generaste ipowev 'at 'amate zof mnore thun 140-460 watts 'over 'a 5 min peri1ol.
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